C. Are early-life antecedents of suicide mortality associated with psychiatric disorders and suicidal ideation in midlife?
• Using logistic regression, this 45-year longitudinal study tested whether these five early-life factors were independently associated with psychiatric disorders, namely any internalizing disorder (anxiety disorders/depressive episode), depressive episode alone, alcohol use disorders and suicidal ideation, that confer a high risk for suicide mortality.
• Higher birth order, younger maternal age and childhood adversities were associated with internalizing disorders (including depressive episode) and suicidal ideation (trend association) in midlife, suggesting that psychiatric disorders may be on the pathway linking some early-life factors with suicide mortality. While low birthweight and externalizing problems in males predicted suicide, no associations were found for our investigated outcomes, suggesting that other mechanisms are involved.
Introduction
Suicide is a major, potentially preventable, public health problem resulting in approximately 800 000 deaths each year throughout the world (1) . A key focus of many suicide intervention strategies is to identify (and help) individuals who are seriously contemplating suicide or those made vulnerable by mental illness (such as depression or alcohol misuse) as these are important predictors of risk (2) . While recognizing the importance of factors operating in the days/weeks prior to suicide, such as unemployment or relationship breakdown, there is an emerging body of research suggesting that early-life events occurring before/around the time of birth or in the first years of life can play a role in influencing later susceptibility to suicide (3) . This line of research can be considered in the context of developmental origins of adult disease approach, which recognizes both foetal and early childhood influences as having long-term effects on a range of adult conditions, including mental illness and suicide (4, 5) .
In a previous study based on the 1958 British birth-cohort, we identified five prenatal and childhood factors associated with elevated risk of suicide mortality in adulthood, from age 18 to 49 years. These early-life risk factors were low birthweight, higher birth order, younger maternal age, externalizing problems (in males) and childhood adversities such as parental death and peer bullying (6) . While our study (6) and several others (7) (8) (9) (10) (11) (12) suggest that early-life factors may predispose to suicide, the mechanisms involved remain unknown.
Insights into the mechanisms underlying the association of early-life factors with later risk of suicide might be gained by establishing whether these specific factors are also linked to proximal psychiatric disorders (namely internalizing disorders, including depressive episode, and alcohol use disorder) and suicidal ideation that confer the highest risk for suicide (1) . Very few studies have examined associations of early-life factors with both suicide and psychiatric disorders and/or ideation/attempt (12, 13) , and those that are available are based on psychiatric admission.
Aims of the study
This study aimed to establish whether the earlylife risk factors for suicide identified in our previous research (6) are also related to proximal psychiatric disorders and suicidal ideation in midlife, as these are known risk factors for suicide mortality. We focused on internalizing disorders (i.e. anxiety/depressive episode), depressive episode alone, alcohol use disorder and suicidal ideation. We hypothesized that associations observed for early-life factors and suicide mortality would be evident for the same early-life factors and proximal psychiatric disorders and suicidal ideation.
Material and methods

Participants
Data for this study were collected for the 1958 British birth-cohort, an ongoing prospective study of all live births in England, Scotland and Wales in 1958 (1 week in March; n = 17 638, and 920 immigrants), representing 98% of all births in Britain; a detailed description is provided elsewhere (14) . We use data from the birth survey (Perinatal Mortality Study), the childhood contact at 7 years and from an adult follow-up at age 45 years (in 2002-2004) . Altogether, 9377 persons participated at age 45 from a target of 11 971 invited, and 9263 participants completed both the mental health interview and the alcohol use questionnaire. After excluding participants who were not included in our previous analyses of suicide mortality (because they had been enrolled after age 7 years, N = 358), the maximum available sample for our main analyses was 8905. Written informed consent was obtained for the clinical interview at age 45. Ethical approval was given by the South East Multi-Centre Research Ethics Committee.
Measures
Psychiatric disorders. The three psychiatric outcomes, assessed at age 45, were any internalizing disorders (i.e. any anxiety/depressive episode), depressive episode (a subset of those with internalizing disorders) and alcohol use disorder. Anxiety and depressive disorders (past week) were assessed with the revised Clinical Interview Schedule (CIS-R) administered by a trained nurse in the participant's home (15, 16) . We used ICD-10 diagnoses for any depressive disorders (mild, moderate and severe) and any anxiety disorders including generalized anxiety disorder, agoraphobia, social phobia and panic disorder. Alcohol use disorder (past year) was assessed using the Alcohol Use Disorders Identification Test (AUDIT) (17) , a self-complete computer-assisted questionnaire. It includes 10 questions assessing hazardous, and harmful drinking and alcohol dependence. Different cut-off points have been proposed for different populations [e.g. 8 in primary care (17); 11 in a general population of unemployed individuals (18) ]. Accordingly, in our general population-based cohort study, we used a cut-off of 11 or above to identify alcohol use disorder.
Suicidal ideation. Participants who reported having a spell of feeling sad, miserable or depressed or not being able to enjoy or take an interest in things as much as usual and felt that life isn't worth living, were asked 'in the past week, have you thought of killing yourself?' While suicidal ideation was part of the criteria to define depression, suicidal ideation alone does not justify a diagnosis of depression. Only a minority (3.4%) of depressed participants reported suicidal ideation. Therefore, suicidal ideation was investigated as a separate category to provide specificity.
Early-life factors. Prenatal and childhood antecedents of suicide are identified from our previous study with the 1958 British birth-cohort as risk factors associated with suicide deaths by 49 years (P ≤ 0.10) in multivariable analyses (Table A1 in Appendix) (6) . Prenatal risk factors include low birthweight (low: <2.5 kg vs. normal: ≥2.5 kg, recorded at birth by the midwife); child's birth order (reported by mothers when their child was 7 years, including all live and still births and deaths by 7 years; coded 1, 2, 3 or ≥4); and maternal age at the time of the study member's birth (categorized ≤19, 20-29 and >29 years). Externalizing problems were rated by mothers when participants were 7 years old using the Rutter Behaviour Scale (19) (assessed with four items: destructive, irritable, disobedience and fighting rated on a 3-point scale (0 = no problem, 1 = intermediate, 2 = problem); scores approximating the top 13% were defined as a problem, the lowest 50% were not problem behaviour, and the remainder were intermediate); as described previously (6), a childhood adversities scale by age 7 years was derived by summing seven items (parental death, divorce/ separation, domestic tension, child's contact with social services, institutional care, child's neglected appearance and frequent peer bullying); scores were categorized as 0, 1, 2 or ≥3. Additionally, father's social class in 1958 (using the 1951 Registrar General's Classification) was included as a covariate.
Statistical analyses
Initially, we tested associations between each early-life factor and the four adult outcomes, namely any internalizing diagnoses (i.e. anxiety/depressive disorders), depressive episode only, alcohol use disorder and suicidal ideation, using logistic regression with adjustment for sex. Interactions between sex and each risk factor were included to test whether associations differed by sex. P-values for sex interaction were >0.05 except for externalizing problems and alcohol use disorder. Thus, further analyses were combined for both sexes, except where the association was found to differ. Then, we performed analyses to assess whether the five early-life factors were independently associated with the three mid-adult psychiatric outcomes and suicidal ideation by mutually adjusting for each risk factor (i.e. low birthweight, maternal age, birth order, externalizing problems and adversities), and additionally adjusting for sex and father's social class. We also tested for statistical significance of trends for maternal age, birth order, externalizing problems and adversities and adult outcomes. This was carried out by entering those ordinal variables as continuous variables into the regression models. In additional analyses, we tested P-trend for early-life factors as continuous variables (e.g. using the externalizing problems scale ranging from 0 to 8): P-trend for associations with later psychiatric disorders and suicidal ideation was broadly comparable to those observed for ordinal variables entered as continuous variables (the latter are presented here). Missing data on exposures varied between 0.7% (father's social class) and 10.8% (adversities). To minimize further data loss, we imputed missing information on exposures using multiple imputations by chained equations method (20) and conducted analyses across the 10 imputed data sets (n = 8905). Results based on multiple imputations were comparable to those based on complete cases, presented in Table S1 . As a sensitivity analysis, we also applied inverse probability weighting on the unimputed sample to allow for potential selection bias that could arise from sample attrition to age 45 years. These analyses were conducted for the sample of survivors residing in the UK in 2002/2004 when the adult psychiatric assessment took place (n = 15 318). The probability of being in the study sample was estimated from logistic regressions using factors associated with attrition including sex, social class at birth, mathematics scores, internalizing and externalizing behaviour problems at 7 years. The pattern of results based on inverse probability weighting was generally similar to those obtained using multiple imputation and complete cases. We present results based on multiple imputations (see Table S2 for results based on inverse probably weighting). We also undertook sensitivity analyses using an alternative cut-off for alcohol disorder (i.e. top 5%, audit scores ≥14); results were similar to those presented here, including the differential association with externalizing problems for females versus males. Statistical analyses were performed with SPSS 23 software.
Results
At age 45 years, alcohol use disorder was the most prevalent disorder (10.8%), while 6.0% of the sample had any psychiatric diagnosis, including 2.0% with a diagnosis of depression; fewer participants (0.5%) reported suicidal ideation in the past week ( Table 1 ). The prevalence of any internalizing disorders and the depressive episode was higher in females than males, while the prevalence of alcohol use disorder was higher in males. Table 2 shows the prevalence of each of the psychiatric disorders and suicidal ideation for the five early-life factors, while ORs and 95% CI adjusted for sex only, and mutually adjusted for each other, sex and father's social class at birth are reported in Table 3 . Considering the broadest category of any internalizing disorders (i.e. anxiety/depressive episode) as the outcome, associations were observed for birth order, maternal age and adversities. There was a trend of increasing risk of any internalizing disorders with increasing birth order (P trend = 0.043), from the first born (reference) to fourth born or later births (OR: 1.48, 1.06, 2.07). For maternal age, a trend (P trend = 0.019) was observed indicating that offspring of younger mothers were at the highest risk of any internalizing disorders. For childhood adversities, offspring exposed to the higher levels of adversity were at increased risk of any internalizing disorders in midlife (P trend = 0.026).
For depressive episode alone and suicidal ideation trends for birth order, maternal age and number of childhood adversities were similar to those observed for any internalizing disorders. However, as expected given small ns for these outcomes, 95% confidence intervals for all associations included 1 and none of the tests for trend reached conventional levels of significance (P > 0.05).
The only early-life factor associated with adult alcohol use disorder was externalizing problems; this association was seen in females, but not in males (P interaction = 0.031). There was no clear evidence of an association of low birthweight with any of the disorders investigated. We conducted sensitivity analyses to examine whether early-life factors were also associated with non-depression internalizing disorders, namely anxiety disorders (e.g. generalized anxiety, agoraphobia, social phobia and panic). As shown in Table S3 , we found associations with birth order (P = 0.002), maternal age (P = 0.009) and adverse emotional experiences (P = 0.004) that were similar to those found for a depressive episode.
Discussion
Using a large prospective British birth-cohort, we found consistent associations whereby higher birth order, younger maternal age and increased number of adverse childhood experiences were associated with any internalizing disorders (i.e. anxiety/depressive disorders) at 45 years. Associations persisted in mutually adjusted models indicating independent effects. Effect sizes were generally of similar magnitude for depressive episode alone and suicidal ideation, although not reaching conventional levels of significance. Only externalizing disorders were associated with risk of alcohol use disorder, although this association was evident in females and not males. These findings support the argument that proximal internalizing psychiatric *Includes depressive episode, generalized anxiety disorder (3.9%, n = 343), agoraphobia (0.5%, n = 41), social phobia (0.3%, n = 31), panic disorder (0.2%; n = 19).
disorders are on the pathway linking some prenatal/childhood factors (but not all) with suicide mortality. However, low birthweight was not related to the midlife disorders investigated here.
Methodological considerations
While participants included in the study at age 45 years are broadly representative of the original cohort (21), attrition had occurred over time. Like other prospective studies, attrition was greatest among the most vulnerable participants, potentially resulting in underestimation of the associations between prenatal/childhood influences and our midlife outcomes. However, findings from weighted analyses conducted to reduce such selection bias were similar to those based on complete cases suggesting that results reported here are robust. To further minimize the impact of missing data in our analyses, we used multiple imputations following current guidelines (22) . While clinical diagnosis was available for anxiety and depressive disorders, alcohol use disorder was measured via self-report questionnaire. Suicidal ideation was assessed via a single question asked only to participants with depressive symptoms. Assessment of internalizing disorders and suicidal ideation was limited to the previous week, hence leading to the low prevalence of these conditions. Therefore, study power was limited for detecting statistically significant associations with our relatively uncommon prenatal/childhood exposures and specific disorders, namely depressive episode and suicidal ideation. In particular, effect estimates for suicidal ideation while frequently among the highest observed, rarely showed confidence intervals that excluded 1. Nevertheless, this limitation also applied to our previous analyses with suicide mortality as the outcome (n = 44 suicides) for which associations were detected. As information on psychiatric disorders and suicidal ideation was not available prior to death by suicide, it was not possible to assess the role of these possible intermediaries using conventional mediational models. While the most common forms of mental disorders related to suicide mortality are considered here, we lack information on bipolar and psychotic disorders for which the rate of suicide is also elevated (23) . Despite their limitations, prospective studies like ours with long-term follow-up and relying on a clinical assessment of mental disorders offer the best opportunity to investigate associations of early-life suicide antecedents with later psychiatric disorders and suicidal ideation that confer a heightened risk for suicide. These associations were investigated in a large population-based cohort, the same cohort that was used to identify prenatal/ childhood antecedents of suicide mortality, thereby facilitating direct comparisons of the magnitude of associations. Ref.
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Interpretation of the findings
Our previous research reported associations between five prenatal/childhood factors and suicide mortality (6) . However, it was unknown whether the same factors were also related to proximal psychiatric disorders for suicide mortality. It is possible, for example, that early-life risk factors may influence other potential pathways influencing suicide risk such as impulsiveness or help-seeking behaviours. To the best of our knowledge, our study is the first to assess life-course associations between previously identified prenatal and childhood antecedents of suicide and psychiatric outcomes clinically assessed in the general population. Our findings for three prenatal/childhood factors, namely higher birth order, younger maternal age and number of childhood adversities and midadult internalizing disorders, are consistent with those observed previously for suicide mortality in this population (6) . However, the strength of associations linking these early-life factors with any internalizing psychiatric disorders was weaker than for suicide. For example, the adjusted hazard for suicide for people exposed to three or more adversities was 3.12 (CI: 1.01, 9.62), while odds ratio for any internalizing disorders was 1.50 (CI: 0.72, 3.16). It is possible that the weaker associations shown here may in part reflect gender differences in the prevalence of mental disorders (female predominance) versus suicide (male predominance). Only a handful of studies have examined associations of early-life factors with both suicide and psychiatric disorders simultaneously, and they have done so using hospital admission for psychiatric illness as an indicator of mental health. Hospital admission is likely to reflect extreme mental health problems and may be influenced by an array of contextual factors influencing the likelihood of admission in someone experiencing mental illness, for example proximity to hospital/availability of support. Riordan et al. (12) reported that younger maternal age and higher parity were similarly associated with suicide mortality, psychiatric admission and selfharm, while low birthweight was associated with psychiatric admission, but not suicide mortality. In Lahti et al. (13) late preterm (a proxy for low birthweight) was associated with suicide in males, but not with severe psychiatric disorders requiring hospitalization or contributing to death. In our current research, low birthweight was not associated with any of the psychiatric disorders investigated. While early-life externalizing problems strongly predicted suicide mortality in males (HR: 2.96), no association was found for males with our psychiatric outcomes and suicidal ideation, suggesting that other underlying mechanisms might be involved, such as irritability/impulsivity (24) . It is still not clear how early-life experiences could translate into mental illnesses and suicidal risks, in adult life, several years after the traumatic exposure. It is possible that early-life events can produce changes in DNA methylation that subsequently influence an individual vulnerability to mental disorders and suicide. DNA methylation is one of the several epigenetic mechanisms known to be influenced by the external environment and in turn affects transcriptional regulation and gene expression (25, 26) .
In sum, our findings contribute to the evidence base by suggesting that adult internalizing disorders may be on the pathway linking some though not all early-life factors with suicide mortality. More studies are needed to draw firmer conclusions about the underlying pathways linking earlylife factors with suicide mortality. To improve intervention for high-risk individuals, we need to better understand the complex relations with prenatal and childhood suicide risks and intermediary psychiatric outcomes.
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